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at road intersections still remains the most vital and yet unsolved issue. One of the critical points in pedestrian
safety is the occurrence of accidents between left-turning vehicle and pedestrians on crosswalks at signalized in-
tersections. A crosswalk is a place designated for pedestrians and cyclists to cross vehicular roads safely. Drivers
are expected to give priority to pedestrians or cyclists during interactions between them on the crosswalk. If a
driver exhibits non-yielding behavior, the interaction will turn into a collision. This study examined the safety
effect of three crosswalks designed with different materials such as red-colored material or brick pavement
based on a safety performance study. The safety performance study considered left-turning driver's gap
acceptance behavior and the severity of trafﬁc conﬂict events between left-turning vehicles and pedestrians.
The results of the study indicates that using brick pavement on a crosswalk increases the safety level of the cross-
walk. Drivers at such crosswalks are more acquiescent to the priority rule.
© 2016 International Association of Trafﬁc and Safety Sciences. Publishing services by Elsevier Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Road intersections are very important and crucial locations where
conﬂicts between different road users travelling from different direc-
tions are easily generated. To control trafﬁc from different directions,
trafﬁc signals are very commonly used at intersections. They are
operated for controlling the movement of conﬂicting road users. At a
signalized intersection, usually, left-turning vehicle drivers (in a left-
hand trafﬁc system) are permitted to use the same signal phase that is
allocated for the through vehicle. For operational efﬁciency of trafﬁc,
pedestrians are also allowed to use the same signal phase along with
through vehicles from the same direction. The through vehicles and
pedestrians move parallel to each other, while left-turning vehicles
turn through the crosswalk by cutting the walking line of pedestrians
(Fig. 1). Since a crosswalk is the place designated for pedestrians to
cross the road safely, themaneuvering of turning vehicles at crosswalks
is characterized by their compliance with the priority rule: in interac-
tions between left-turning vehicles and pedestrians on a crosswalk,
the pedestrians should be allowed to pass ﬁrst.asmin),
vil.saitama-u.ac.jp (H. Kubota).
ssociation of Trafﬁc and Safety
and Safety Sciences. Publishing seInteractions between pedestrians and left-turning vehicles at
crosswalks are critical situations inwhich the driver has to showmodest
behavior by changing his speed to avoid collisionwith the pedestrian. If
the driver fails to do this, the interaction will turn into a collision.
Accident data reveal that numerous accidents involved left-turning
vehicles and pedestrians on crosswalks. In Japan, in the period 2008 to
2012, 49% of all pedestrian accidents occurred at signalized
intersections. Of these accidents, 7.8% fatalities involved left-turning
vehicles and pedestrians [1]. This indicates that left-turning vehicles
do not give priority to pedestrians properly on crosswalks. Many
situations, including invisibility problem, trafﬁc volume, road geometry,
road user behavior, and trafﬁc signaling policy, may inﬂuence such
accidents. Some researchers identiﬁed several factors inﬂuencing the
yielding behavior of drivers, including speed limits and number
of lanes [2], pedestrians' distance from the curb [3], pedestrians' clothes
[4], and the number of pedestrians waiting to cross [5]. The
number and positions of pedestrians were also studied in some other
works [6,7].
Among all road users, pedestrians are themost vulnerable road user
as they are the least unprotected users. In a collision between a car and a
pedestrian, the severity is high for the pedestrian. In such a collision,
usually, the car does not face any danger except for the risk of hitting
other objects or cars because of the swerving motion for avoiding colli-
sion with the pedestrian. Therefore, it is important to ensure pedestrian
safety on crosswalks. Some countermeasures such as roundabouts,
raised crosswalks, curb extensions, raised intersections, and right-turnrvices by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
Fig. 1. Pedestrian and car directions when the signal is green.
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However, all of these countermeasures have some limitations depend-
ing on the different road characteristics. It is more desirable to explore
and execute new low-cost engineering solutions to improve pedestrian
safety on crosswalks.Fig. 2. Three sites with different pavem
Table 1
Geometric and trafﬁc characteristics at observational sites.
Intersection Average left turning car Average
pedestrian /cyclist
Int
(veh/h) Ped. Cyc.
No pavement design 6 12 17 90
Red colored pavement 8 9 13 90
Brick pavement 5 7 13 90Some researchers found that there is a close relationship between
road geometry and road user behavior [8–10]. Considering this, the
main purpose of this study is to investigate the effect of brick pavement
or red color at intersections on the behavior of left-turning vehicle and
evaluate their contribution to pedestrian safety on crosswalks. In this
study, a comparative safety analysis with three pavement design
scenarios was conducted on the basis of the gap acceptance of left-
turning cars and the trafﬁc conﬂict analysismethod. The three scenarios
are listed below:
1. No pavement design
2. Red colored pavement design
3. Brick pavement design
Each of these three signalized intersections were installed in a seg-
ment of an urban road one by one (Fig. 2). Except for the pavement de-
sign, all other trafﬁc characteristics were almost the same (Tables 1, 2).
This remaining parts of this paper are arranged as follows: After an
introduction, the background related to gap acceptance and trafﬁc con-
ﬂict analysis study is described. Next, the paper describes the safety per-
formance method, linking gap acceptance and Swedish trafﬁc conﬂict
analysis. Thereafter, the result and conclusions and futureworks related
to this study are discussed.2. Study Background
In order to study safety performance, two topics are reviewed and
summarized: the gap acceptance study and the trafﬁc conﬂict analysis.ent designs (Source: Google Map).
ersection corner angle Width of Major road (m) Width of Minor road (m)
° 6 6
° 6 6
° 6 6
Table 2
Trafﬁc signaling time at observational sites.
Intersection Survey time Green time (s) Yellow time All red (s) Red time (s) All red (s) Total cycle (s)
No pavement design 9.00 am to 4.00 pm 46 4 2 26 2 80
Red colored pavement 9.00 am to 4.00 pm 41 4 2 31 2 80
Brick pavement 9.00 am to 4.00 pm 42 4 2 30 2 80
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Drivers always seek the right opportunity to cross the intersections.
This opportunity is termed “gap,” and the behavior is called “gap accep-
tance” [11]. A driver has to wait for an acceptable gap or lag larger than
his critical gap. Otherwise incorrect gap acceptancemay cause accidents
between road users [12,13]. If drivers tend to accept small gaps, the
probability of collision between road users may increase. Gap accep-
tance is a well-known method to study the manner in which drivers
move into a priority area where they must give way to other road
users. Many researchers have modeled drivers' gap acceptance behav-
iors toward pedestrians or cyclists in the priority area. Sun. et al. applied
logit and probit models to analyze drivers' yielding patterns at an
unsignalized pedestrian crosswalk [5]. A logistic-regression model was
developed to predict the yielding or gap acceptance behavior consider-
ing different factors, including the presence of pedestrians crossing
[14].Asano et al. modeled the gap acceptance behavior of left-turning
drivers to predict how a driver considers the position of the pedestrian
[7]. A gap acceptance study was conducted to interpret drivers'
overlooked behavior towards cyclists at roundabouts [15]. Different
population and places had different critical gaps [16].
The main objective of this study is to evaluate how a driver moves
into crosswalk with different pavement designs in the presence of pe-
destrians or cyclists on or near the crosswalk. Gap acceptance study is
suitable for interpreting the changes in the behavior due to different
crosswalk pavement designs.2.2. Trafﬁc conﬂict study
For safety assessment, it is important to know how it is likely to have
conﬂicts at conﬂict area, where road users travelling from different di-
rections meet. The conventional method of trafﬁc safety assessment
mainly considered the occurrence of trafﬁc crashes. Crashes are rare
events, and not all crashes are reported [17,18]. The behavioral or situ-
ational aspects of events are not included in police crash data. For trafﬁc
safety measure, it is very important to understand the connection be-
tween behavior and safety. The trafﬁc conﬂict analysis method is a sur-
rogate safety-measuring tool for crash data analysis. The concept of
trafﬁc conﬂicts was ﬁrst proposed by Perkins and Harris at General Mo-
tors Laboratory in the USA [19]. The ﬁrst international trafﬁc conﬂictsFig. 3. The pyramid showing the interactions between road users as a continuumof events
[21].workshop was held in Oslo, Norway, in 1977. An internationally recog-
nized deﬁnition of trafﬁc conﬂict is as follows:
“An observable situation in which two or more road users approach
each other in space and time to such an extent that there is a risk of
collision if their movements remain unchanged.” [20]
Various conﬂict indicators (time to collision, post-encroachment
time, deceleration rate, gap time, etc.) were developed to measure the
severity of an interaction. The interaction between road users can be de-
scribed as a continuum of safety-related events (Fig. 3). Based on the
concept of the continuum of trafﬁc events (Fig. 3), the Swedish trafﬁc
conﬂict technique was proposed by Hydén [21].
Svensson proposed a trafﬁc safety process as an extension of the
Swedish trafﬁc conﬂict technique to study the relationship between
trafﬁc events in terms of safety and safety-related events [22]. By
using this approach, it is possible to compare locations with different
geometrical designs based on the distribution of safety-related events
on the time to accident (TA)/conﬂicting speed (CS) graph (Fig. 4).
Events of different levels of severity provided relevant feedback to the
involved road users.
For understanding how it is likely to have conﬂicts on crosswalks,
the Swedish trafﬁc conﬂict technique was used in the present study to
determine if the pavement design can inﬂuence the diversion of vehi-
cles from a collision course to a normal course.3. Methodology
3.1. Study Area
The main purpose of this study is to analyze the effect of pavement
design on the conﬂicts and unsafe behavior of left-turning vehicles
when they interact with pedestrians. Potential locations were selected
using Google Street View information. Thereafter, through actual site
visits, the real features of the locations were observed. Three favorable
locations for the study were chosen. The study area is located near
Nishikawaguchi station in Japan. All the intersections are situated in a
residential area. At each of these intersections, one urban road isFig. 4. TA/CS graph deﬁning the different severity levels [22].
Fig. 5. Illustrations of intersections: (1) No pavement design, (2) red pavement design, and (3) brick pavement design.
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tions are signalized. However, there is no separate signal phase for pe-
destrians. Pedestrians follow the same signal time as through vehicles.
Left- and right-turning vehicle also share the same signal phase for com-
pleting their maneuver. Geometric and trafﬁc characteristics and trafﬁc
signaling information is presented in Tables 1 and 2. The difference in
pavement designwith other geometric characteristics is shown in Fig. 5.
3.2. Safety performance analysis
According to the priority rule, drivers of left-turning cars should con-
trol their behavior when crossing the crosswalk if pedestrians are pres-
ent. Hence, a safety performance study considering left-turning vehicle
behavior was conducted. The analysis was based on gap acceptance
study and conﬂict analysis of behavioral observations, based on obser-
vation of the movement of left-turning cars and pedestrians using
video cameras. For conﬂict analysis, the Swedish trafﬁc conﬂict tech-
nique was used. When driver reaches a crosswalk, he/she has to search
opportunity to cross the crosswalk safely when a pedestrian is present.
This opportunity is called the gap. If the gap is large, the driver can ac-
cept the gap easily. However, if the gap is small, the decision procedure
becomes complicated. In this complicated situation, a wrong decision
will lead to a collision. If driver does not take evasive action, he may
collide with the pedestrian. Such a situation is called a conﬂict. To com-
pare the three locations, it is important to measure the severity of these
conﬂict events and their proper distribution. Fig. 6 shows the ﬂowchart
of the safety evaluation procedure adopted in this study.Details of the
safety evaluation procedure used in this study are given in the following
subsections.3.2.1. Gap acceptance studies
Gap acceptance is commonly used to study the manner in which
drivers move into a priority area where they must give way to other
road users. In this study to understand the driver's tendency to give
priority to pedestrian or cyclist on crosswalk gap acceptance study is
used.
In this study, a gap is considered as an opportunity for a left-turning
car to cross the pedestrian crosswalk during an interaction with a
pedestrian. The terms used are deﬁned as follows:
“A lag is the required time for a single pedestrian to reach the conﬂict
area.”
“A gap is the time difference between two successive pedestrians
reaching the conﬂict area.”
“The conﬂict area is deﬁned as the area that is covered by a car on the
crosswalk of an outﬂow road.” This is so because all potential conﬂicts
with pedestrians or cyclists occur within this area.
The gap is recorded at the point in time where the left-turning
car driver decides whether he accepts or rejects the gap. Since
precise determination of this point is very difﬁcult, in this
study, the decision point is assumed that when a driver reaches
near the crosswalk of an inﬂow road. According to the deﬁnition
of lag and gap, the time in seconds available to the left-turning
car before a pedestrian arrives in the conﬂict area was measured
(Fig. 7).
To estimate the gap acceptance probability distribution,
empirical data were collected. Thereafter, the gaps and lags were
Fig. 6. Flowchart of the safety evaluation procedure in this study.
Fig. 7. Deﬁnition of gap.
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size. The acceptance probability for each bin can be calculated by
using Eq. 1.
P xð Þ ¼ No: of observed accepted gaps=lags
No: of observed acceptedandrejected gaps=lags
ð1Þ
To analyze the left turn gap, the acceptance logistic regression
method was used [23]. Logistic regression was found to be appropriate
for modeling a situation in which drivers have numerous opportunities
where they have to take the yes/no decision. In this method, the critical
gap is deﬁned as the median of the accepted gaps that are accepted by
50% of the drivers. The logistic regression model is represented as
follows:
P xð Þ ¼ 1
1þ e−b0 −b1x ð2Þ
Where P(x) is the probability of accepting a gap or lag, x; b0 and b1
are intercept parameter and slope parameter, respectively.
3.2.2. The Swedish trafﬁc conﬂict technique
The Swedish trafﬁc conﬂict technique by following the methods
proposed by Svensson was used [22]. A conﬂict presumes a collision
course.
Fig. 8. Camera calibration procedure by Kinovea.
Fig. 9. An interaction between a left-turning vehicle and pedestrian, and the detected vehicle motion parameters a: Tracking an object b: Video screenshot with trajectory c:Moving
trajectory of a left-turning vehicle and pedestrian d: Speed of a left-turning vehicle and pedestrian.
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Table 3
Observation samples used to analyze left turn gap acceptances.
Measurement No pavement design Red colored Brick pavement
Accepted gap/lag 19 26 14
Rejected gap/lag 17 18 16
Fig. 10. Predicted probability that drivers accept gaps to take a left turn through a
crosswalk.
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sion if both road-users had continued with unchanged speeds and
directions or a near-miss situation where at least one of the road-
users acts as if there were a collision course.”[21]
“Collision course: Unless the speed and/or the direction of the road-
users changes, they will collide.” [22]
The severity distribution of the conﬂicts was analyzed by using the
TA/CS graph (Fig. 4). In this graph, different events with different sever-
ity levels indicate different intensities of severity (see Table 5) [24]. It is
presumed that all events with a TA/CS value are parts of the same trafﬁc
safety process as the crashes and serious conﬂicts. The deﬁnition of the
severity of a conﬂict is based the two variables: TA (Time to accident)
and CS (conﬂicting speed), implying that each event related to the col-
lision course are represented using these two variables.
TA is the time that remains from one of the road users have started
an evasive action, until a collision would have occurred if the road
users had continued with unchanged speeds and directions.
CS is the speed of the involved road user at the moment when the
evasive action (i.e., braking) starts. TA is estimated for this CS.
If road users are not in a collision course, there is no possibility of an
accident. Hence, the pre-condition of collision course was assumed
when an evasive actionwas taken by a road user. As pedestrians change
their speeds continuously, it is difﬁcult to know the point where they
start taking evasive action. Hence, only the events in which evasive ac-
tion was taken by the driver were considered in the analysis. Basically,
ﬁve different types of evasive action can be taken for avoiding collisions:
i. Braking
ii. Swerving
iii. Accelerating
iv. Braking + Swerving
v. Accelerating + Swerving
If a driver took any of these evasive actions, the events were record-
ed. By using the speed and distance data obtained using the video ana-
lyzing software, chances for collision if drivers did not change their
current speed were determined (Fig. 8). If the road-users were in a col-
lision course, the event was counted as an interaction.
3.3. Data collection
Data of gap acceptance and conﬂicts and unsafe behavior were ac-
quired by using video cameras installed on high-rise buildings. In
Japan, it is very difﬁcult to put camera anywhere because of strict
rules and regulations. After selecting the potential site, the most impor-
tant task was to search for a location for setting up the video cameras.Table 4
Statistical parameters of the ﬁtted lag/gap acceptance probability distributions.
intersection Regression coefﬁcient Estimate Standard error R2
No pavement b0 −4.909 1.658 0.734
b1 1.828 0.633
Red colored b0 −8.494 3.336 0.887
b1 2.543 1.004
Brick pavement b0 −9.745 4.271 0.841
b1 2.232 0.980Permission from three building owners near the location was obtained
to use their upperﬂoor stair cases to install video cameras. The videoob-
servation view of each intersection with the studied crosswalk (red cir-
cle in Fig. 5) can be seen in a screenshot of the recorded video (see
Fig. 5). The camera continuously recorded trafﬁc scenarios from each
observation site from 9.00 am to 4.00 pm for ﬁve consecutive weekdays
in December 2014 and January 2015. It was winter season, and the
weather was sunny and clear.3.4. Data processing
In this study, owing to small sample size, only cars are considered.
Following left-turning cars in a platoon are not considered in the data
processing. To study gap acceptance decision and severity of evasive ac-
tion, these events are selected for data extraction when a car reaches
near the crosswalk of an inﬂow road where pedestrians are present
(Fig. 7). In each event, the behaviors of drivers when pedestrians were
present near the crosswalkwere observed to determine if they accepted
or rejected the gap or took any evasive action.
All data, including the positions and timings of left-turning cars and
pedestrians and cyclists were extracted from video data using video an-
alyzing software Kinovea. Kinovea is a free and open source (GPL2)
French software created in 2009 as a tool for movement analysis [25].
This software is mainly used for sport analysis. Using parameter calibra-
tion by using the geometric data of the marking lines, Kinovea can cal-
culate motion parameters such as position, speed, and acceleration of
sports cars, athletes, and players. Hence, it is possible to use Kinovea
for trafﬁc study. The Butterworth ﬁlter was used for ﬁltering data in
Kinovea. Fig. 8 shows an outline of the detailed description of the
video-analyzing procedure.Fig. 11. Cumulative distribution of observed vehicle speed in the conﬂict area for different
pavement designs.
Fig. 12. Severity of events when a car brakes [22].
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turning vehicle and pedestrian. In this interaction, the driver rejects the
gap with an evasive action (braking). If he had not taken this action, a
collisionmay have followed. Fig. 9c and d shows themotion parameters
of this interaction. From these motion parameters gap time, speed at
conﬂict area, TA, and time to collision are extracted.4. Results and discussion
4.1. Left-turn gap acceptance behavior
Owing to low trafﬁc volume, only carswere considered for analyzing
the gap acceptance of left-turning vehicle. From the dataset, a total 110
individual gap decisions were recorded, where 36 observations
corresponded to no pavement design; 44 observations, to red pave-
ment, and 30 observations, to brick pavement design (Table 3). As stat-
ed in the methodology, the observed lags and gaps were divided into
bins of 1.0 s (0–1 s, 1.1–2 s, 2.1–3 s, 3.1–4 s, 4.1–5 s, 5.1–6 s, 6.1–7 s,
7.1–8 s, 8.1–9 s). The acceptance probability can be calculated by
using Eq. 1. Logistic regression was used to ﬁt these plots. As an indica-
tor of model ﬁt, the mean values of Nagelkerke's R2 for each individual
regression model was reported for each analysis [26].
Table 4 lists the estimated values of statistical parameter from logis-
tic regression analysis. The estimated values of slope parameter b1 for
without any pavement design are smaller than those for red colored
pavement design and brickpavement design. This indicates that a driver
at an intersection with red color and brick pavement has signiﬁcantly
lower probability of accepting a smaller gap than at a typical intersec-
tion without any design. This can be attributed to the visual effect of
red color and brick pavement on the driver. When a driver sees a differ-
ent design, he/she may think more about crossing and become careful.
Therefore, the driver may notice the pedestrian at an early stage of his
approaching the crosswalk. Fig. 10 shows the predicted probability of
gap acceptance by a left-turning driver based on regression results. It
shows that a driver at a brick pavement crosswalk has signiﬁcantly
lower probability of accepting a smaller gap. Comparatively probability
of accepting smaller gaps is lower for a driver at a red pavement cross-
walk than at a typical intersection.Table 5
Observation of conﬂicts at three sites and the distribution of conﬂicts with regard to the type o
Severity level Intensity Remark
26–30 Highest severity Consists of serious conﬂicts and injury cra
20–25 Fairly high severity Strong closeness to an unsafe dimension
19 or less Lower severity Danger is not very imminent. Risk is low4.1.1. Vehicle speeds at conﬂict area
A crosswalk is a shared space for pedestrians and left-turning vehi-
cles. In a shared space, the vehicle speed is one of the most important
parameters for safety evaluation. The risk of the causality of crashes in-
creases with increasing free travelling speed [27,28]. It is rational to use
the vehicle speed at the conﬂict area as an indicator of the severity of the
conﬂict. For three intersections, the cumulative distributions of ob-
served vehicle speed at conﬂict area after accepting a speciﬁc lag or
gap are shown in Fig. 11. The cumulative distributions are developed
by dividing the speeds into bins of 2.0 km/h size (0–2 km/h,
2.1–4 km/h, 4.1–6 km/h, 6.1–8 km/h, 8.1–10 km/h, 10.1–12 km/h,
12.1–14 km/h, 14.1–16 km/h, 16.1–18 km/h, 18.1–20 km/h,
20.1–22 km/h, 22.1–24 km/h, 24.1–26 km/h). A t-test was performed
to check the signiﬁcance of the difference between speed distributions
at 95% conﬁdence level. The corresponding t-values are shown in
Fig. 11.
For the gap acceptance study, drivers at crosswalks of red and brick
pavements tend to accept larger lags and gaps than the drivers at cross-
walkwithout any pavement design. Fig. 11 shows clearly that the speed
of a left-turning car at a conﬂict area of a crosswalk with any pavement
design is signiﬁcantly higher than the two treatments when accepting
gaps and lags. The 85th percentile speed of left-turning cars on cross-
walks with red and brick pavements is lower than the speed at cross-
walks without any pavement design. Under such conditions, it is clear
that presence of red or brick pavements on a crosswalk decreases the
severity of interaction. The results of the t-test showed that the differ-
ence between speeds was not signiﬁcant for the red and brick pave-
ments. However, Fig. 11 shows that 7.6% drivers at crosswalks with
red pavements and 21.4% drivers at crosswalks with brick pavements
travelled through the conﬂict areas with speed less than 10 km/h
when they found pedestrians near the crosswalk. For decreasing the
speed at when the gap, the brick pavement is more efﬁcient than the
red colored pavement.
4.2. Conﬂict study result by TA-CS graph
A total of 44 observations (no pavement design =17; red
pavement =13; brick pavement =14) was selected for the analysis.
Left-turning drivers took evasive action to avoid collisions with pedes-
trians. For each event, TA and CS were measured.
Fig. 12 shows the plots of the conﬂicts with measurable TA and
speeds of left-turning vehicles at the time of evasive action at three
studied sites. Table 5 summarizes the frequency of interactions between
left-turning vehicles and pedestrians for different severity levels. With
respect to the TA-CS graph or Swedish trafﬁc conﬂict technique, events
at level 26 or higher are more dangerous. They consist of serious con-
ﬂicts and accidents. Table 5 shows that there are no serious conﬂicts
in any intersections. As the trafﬁc volume is low and road size is small,
the seriousness of conﬂicts is very low. The severity of the events in
the severity level 20–25 is fairly high. They are very close to accidents.
At these levels, the safety margin is very small, which may change the
situation on the road to a critical event. If drivers are not careful, these
types of situationmay change to an accident easily. The typical intersec-
tion without any pavement design has 15 events (88.23%) in this level,
indicating a fair chance of accidents. In this typical intersection, when
drivers and pedestrians move in a collision course, they always surprisef conﬂict and severity level.
No pavement design Red-colored pavement Brick pavement
sh 0 0 0
15
(88.23%)
8
(57.14%)
4
(28.57%)
2
(11.77%)
5
(42.86%)
10
(71.43%)
55H. Iasmin et al. / IATSS Research 40 (2016) 47–55each other. They are very close to serious events. For intersection with
red pavement, the number of fairly high severity events is relatively
high (57.14%). It seems that the drivers at this intersection took the de-
cision for evasive action very late. When a driver reaches the crosswalk,
he/shemay not stopwithout conﬁrming the pedestrian position. Hence,
the evasive actionwas delayed, and the remaining distance became less.
Crosswalks with brick pavements had very few events (28.57%) with
fairly high severity, and most of the interactions (71.43%) were in the
lower severity level. In other words, using brick pavements on cross-
walks is a very good way of converting collision courses to normal
road situations at early stage. When a driver reaches the crosswalk, be-
fore conﬁrming the presence of a pedestrian, he/she slowed because of
the road design. Because bricks on a crosswalkmay give a driver a differ-
ent visual effect that make him/her to understand that it is a pedestrian
area. This makes a driver careful, and take evasive action a very early
stage of interaction. Theoretically, left-turning vehicle and pedestrian
will collide if they do not change their speeds, but the intensity in very
low.
5. Conclusion
This work investigated the safety performance of pavement design
on crosswalks when left-turning vehicles interact with pedestrians on
crosswalks. Crosswalks are very crucial areas for road users, especially
pedestrians who are the most vulnerable road users. Hence, the safety
of pedestrians at intersections should be ensured. This was themain re-
search question of this study was whether a pavement design can en-
hance pedestrian safety. Two intersections with different pavement
designs and one typical intersection without any design on the cross-
walk were selected. Gap acceptance study and conﬂict study were per-
formed for safety evaluation. The key conclusions of this study are
summarized here:
The result of the gap acceptance study conﬁrmed the positive effect
of using red color or brick pavements. The results show that at a cross-
walk without any design, drivers accept smaller gaps than in the case of
the other two crosswalks. When drivers clear the conﬂict area of a typ-
ical crosswalk, they do so at relatively high speed. In the case of red de-
sign and brick pavements, drivers accept small gaps less frequently. The
visual effect of design on crosswalks may give drivers more time to
think before turning. Hence, drivers reject the small gaps.
The conﬂict study endorses the positive effect of brick pavement de-
sign. At typical crosswalks, the frequency of fairly high severe conﬂicts is
more. This means that drivers take evasive action at the last moment.
This tendencymay increase the chance of accidents. If the timing of tak-
ing evasive action is wrong, these events cause very serious accidents.
However, conﬂict data for red pavements also show that the frequency
of fairly high severities is not very low. Drivers take evasive action at a
later stage. Conﬂict study of the brick pavement design conﬁrmed that
it is safer to use brick on crosswalks. In the case of this intersection,
when left-turning cars and pedestrians move in collision course, the
event has very low severity. Brick design on crosswalks make driver
more alert at an early stage of entering the crosswalk. Hence, the driver
takes evasive action very fast. The remaining distance to collide be-
comes small and TA also increases.
Thus, brick design on crosswalks increases the alertness of left-
turning vehicles. Red pavement also has a positive effect on increasing
the safety of pedestrians. However, the lowering capacity of conﬂict se-
verity is more in the case of brick pavement design. Thus, it can be con-
cluded that brick pavements on crosswalks is suitable for pedestrian
safety at intersections. Pavement design effect on right-turning vehicle
(left-hand trafﬁc system), safety performance of other type of pavement
design, and visual effect of pavement design on driver can be explored
in future studies.Acknowledgement
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